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1 Summary

This paper summarizes prograssthe development of Operating Models (OMs) aenhluation

of candidate Maagement Procedure@Ps) for IOTC yellowf{tY FTjuna. The phase 1 project
finished in Jun 208, andphase 2 commenced S@017. During the interveninggriod, various
IOTQechnical groupgrovided developmentequests for the next iteration of the press,
including i) refined definitions for yellowfin and bigeye tuna reference set and robustness set
Operating Models (OMs), ii) new candidate MP definitions, and iii) MP tuning objectives.

Initial progresson phase hasfocused on the yellowfituna OMs The revised reference set OM
(referred to in aggregate as OMf) is composed of an ensemble of 216 stock assessment model
configurations conditioned in relation to the 2016 stock assessment, gpfesenting uncertainty
in 6 dimensionsn an equallyweighted design

1 3 XBevertonHolt stock recruit relationship steepness
3 XNatural mortalityvectors
3 X tag likelihood weighting

1
1
1 2 Xtag mixing period
1

2 XCPUE standardization method

1 2 XCPUE catchability trend

TherevisedOM-ref is more optimistidthan thephase ldemonstration casgn partreflectingthe
improvedperception ofstod statusin the 2016 assessmenkioweverthe central tendency of

OM-ref tends to beconsiderablymore optimistic than the2016assessmentMost of the model
assumptions influece the dynamics in the expectedsfaon (e.g. lowestockrecruit steepness,

lower M andincreasingCPUE atchabilitytrend are all generallyassociated with more pessimistic
currentstock status)The difference in the quality of fit to CPUE and sizepmsition data does

not vary much among the Oléf models. These data conflict with the tagging data, such tinat t
tagg SAIKGAY I RAYSYAEA 2 yeryinfluéntial and arhighvptonity forfushers n ®n 0
consideration. Models with@vn-weighted taggingdataare generally more optimistic in terms of
stock status and productivifyith MSY estimated to be greater thdoublethe base case
assessment level d1%of specificationgwith an implausible extrem&0 times highethan the

base casp The higher productivity scenarios tend to explain the declining CPUE trenckaslta

of declining trend in recruitment deviation$here are recognized complaility problems between

the tags and the modedtructure (notablylow tag mixingates), such that full weighting of the

tagsis questionable, but high tag weightingpresentsa pragmatic means for obtaining a suite of
models that is subjectively consistent with expectations of stationary production dynamics and the
perception that the stock has badully exploited in recent years.

The following OMabustness scenarsowvere explored:

1 Two attempts were made to formulate OM robustness scersthat admit a potential
tendency for longline fisheries to shift towatargetingyounger individuals overrhe: i)
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estimating selectivity in 10 year blocks, and ii) estimating changes in seleat\aty
monotonic function of timeNeither option resulted ina management situation thavas
substantially different from th€®M-ref stationary selectivity assumptm and hence may
not meet the expectationfor robustnesdrials.

f UpgSAIKGAYT GKS GF3ITFAYy3I REGE o6GF3 < T MdpUL3
ha GKIFIy GKS Hnmc FaaSaavySyid Glr3 ¢SA3IKGAY3
= 1.5 robustness scenario adds a fundamentally different challengefo§6 at G Kl y
1.0 option.However, it does emphasize the importance of the-tegjghtingassumptions
in the current model frameworland the need to ensure that MP performance against
pessimistic scenarios is explicitly considefwtiether in referece or robustness
scenarios

The TCMHdentified two initial MP tuning criterigor YFT
0 Pr(mean(B(2019:2039))/BMSY =1.0) =0.5
0 Pr(mean(B(2024))/BMSY =1.0) =0.5

Brief testing of candidat®Pssuggest that the generally high productivity of @& might result
in counterintuitive performance.These results are presented fimedbackand/or endorsement
by theWPTT and WPMoting that the Commission MSE workplan expects MSE resulie
presented to the TCMP for consideration in 2018
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2 Introduction

2.1 Background

The Indian Ocean Tuna Commission has committedpath of using Management Strategy
BEvaluation(MSE)}o meet its obligations for adopting therecautionary approacHOTC Resolution
12/01 6On the implementation of the precautionary approaatentifies the need for fishery
reference points andharveststrategies that will help tonaintainthe stock statust a level that is
consistent with the reference pointResolution 13/100n interim target and limit reference
points and a decision fragmvork' identified interim reference points and elaborated on the need
to formulate management measureslative to the reference pointgjsing MSE to evaluate
harvest strategies recognition of the various sources of uncertainty in the systeesoRition
15/10 supersedes 13/10 with newed mandate for the Scientific Committde evaluate the
performance of harvest control rules with respect to the speapscificinterim target and linit
reference points, ndater than 10 years following thadoption of the reference pointsfor
consideration of the Commission and their eventual adopt®dapeciesspecificworkplan was re
affirmed at the 2017 Commission Meeting, outlining the steps required to adopt simulzsbted
Management Procedures for thedtiest priority specie@ncluded inAttachmentl). Recognizing
the iterative nature of the MSE process, the workplan identifies 2019 as the earliest probable date
for MP adoption.

2.2 Phase 2 yellowfin and bigeye project

MSE for Igeye and yellowfin tunas hd®&en pursued in parallel, with tHest phase of the

scientific and technical work described in Kolody and Jumppanen (2016). A second phase project
hasbeenestablished to support progress from Sep2017 to Dec2d1#s second phasprojectis
responsibé forreporting progresgo the I0TC subsidiary bodiéscluding the TCMP, WPM and
WPTY, and implementing feedback supportthe technical and scientific needs of the IOTC
community. This working paper represents the fiegporting of the phase 2 projet. Given the
recentcommencement of this projecprogresshas been limited to

i) A "mechanical" update to the YFT reference case OM in line with the feedback from the 2016
IOTC technical working partiesnd presentation of common diagnostics for eding

plausibility The reference case is intended to encompass the main assessment uncertainties, and
providesthe main descriptor of expected MP performaneseibject to tuning

i) Exploration of potential robustness case OMs in line with the feedbaoktihe 2016 IOTC
technical working parties. Robustness cases generally include less likely, but potentially
troublesome dynamics, and may be used to identify MPs that are more robasficult
situations.

iii) Presentation of some candidate MP resuftat meet the initial tuning objectives identified in
TCMP (2017). Tuning is the procedure used to attain precise management performance with
respect to a single high priority management objective. When multiple MPs are tuned to the same
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criterion, it iseasier to choose among MPs on the basis of secondary or tertiary objedtivaag
objectives shouléim toidentify a target location in the main tradaff betweenconservation risk
and economic opportunityas this is usually the strongest driver of p#formance

Similar work for bigeye is expected to begin soon after the 2017 WPTT and WPM.

2.3 Relationship between the stock assessment and Operating
Model

As detailed in Kolody and Jupgnen (2016), théntention has been to maintaia close
relationshipbetween the stock assessment modelling and the conditioning of OMs. The two
processes are analogoirsseveral respects.e. similar population dynamics models are applied to
the same data, subject to the same concerns about model formulanmrassumpton violations

etc. Accordingly, the yellowfin assessment of Langley (2pd@)ides the core of the OM
conditioning procesKey features of the assessment and OM include:

1 Implementation with Stock Synthesis 3.24z software
1 4 regionsigurel)
1 Quarterly dynamics, including recruitment and movement
1 25 fisheries
1 Parameter estimation objective function includes
o Total catch
o Standardized longline CPUE (one series per region)
0 Size composition data

0 Tags (excluded in some OM scenarios)

0 Recruitment penalties on deviations from stock recruit relationship and mean
spatial distribution

1 Estimated parameters:
o Fishery selectivity (shared among some fleets)
o Longline catchability
o Virgin recruitment

0 Recruitment deviations from the BeverteHolt dock-recruit relationship,
recruitment spatial partitioning among tropical regions (1,4) and deviations from
the mean spatial distribution.

o Juvenile and adult movement rates

OM conditioninghas anincreased emphasis on uncertainty quantificataomd stochastic
projectionsrequired to developobustfeedbackbasedMPsthroughthe MSE process. The
reference seOMis an ensemble of assessment models that incligge®ral alternative plausible
assumptionsThe approach to uncertainty quantification adoptedréés similar to that used in

4 | Update on Yellowfin Tuna Management Procedure Evaluation Oct 2017



the CCSBT, in which the emphasis is on model structural uncertainty (including parameters about
which the data are expected to be uninformative), and stochastic recruitment uncertainty in the
projections. The Maximum Posteribrensity Estimates (best point estimates) for thdividual

modek are collated with the expectation that this source of uncertainty will generally be greater
than the parameter estimation uncertaingonditional onany individual modelOnce an adequate

OM has been defined, it should not need to be updated with the frequency expected for the
traditional stock assessment process, unless new evidence emerges to indicate that the
uncertainty encompassed by the OM no longer captures reality.

Robustness OMare generallyconsidered less likelhan the reference setbutthey are defined
to represent plausible, troublesome situations, that ntefp identifypathological MP behaviour
in particular circumstanceandassistin choosngamong MPs that are otheraeequivalent

For the purposes of this paper, we refer to a number of individual models, and OM ensembles as
defined inTablel and Table2.

58—

155

255 —

355

20E 40E 60E 80E 100E 120E

Figurel. Spatial structure foyellowfin tuna assessment and all OMs discussed in this report (figure from Langley
2015).

Update onYellowfin Tuna Management Procedure EvaluatioB



Tablel. Model definitions.

SAbase The base case assessment from Langley (2016).
h80, M10, t10, q0, iH, xS

OM-SAanalogue  The single OM specification that most closely resemblebe8a
(identical except for no environmental movemditk).

h80, M10, t10, qO0, iH, X3S
OM-ref Referace case OM consisting af ensemble 0216 modes, each

differing fromOM-SAanaloguein 1-6 assumptionsUndefined options
as in OMSAanalogue.

h70, h80, h90
M10, M08, M06
t00, t01, t10
q0, ql

iH, iC

X3, X8

OM-rob-selTrend A robustness OM consistig 36 models, designed to look at the
implications of temporal variability in selectivity, potentially resultin
in a shifted preference toward younger ages. Undefined options as
OM-SAanalogue.

M10, M08, M06
t01, t10
x3, X8
SS, NS, ST
OM-rob-tagWt A robustness OM consisting of 36 models, designed to look at the

implications oftagg SA AKAY 3 < 2LWGA2Y&X Yz
2 T < Uhdefimeti pptions as in Ol8Aanalogue.

M10, MO8, M06
t00, t0001, t001, t01, t10, t15
X3, X8
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Table2. Model specification abbreviationsBold indicates the assessment base case assumption.

Stockrecruit steepnesgh)

h70 0.7
h80 0.8
h90 0.9
Natural mortality multiplier relative to SBase
M10 1.0
M08 0.8
MO06 0.6
Tag data weighting (tag composition and negative binogoaiponents
t00 < T n
t0001 < I nonnawm
t001 < I nodnwm
t01 < I nowm
t10 < I wmon
t15 < I mMdp
Assumed CPUE catchability trend (compounded)
qo 0% per annum
ql 1% per annum
Tropical CPUE standardization method
iH Hooks Between Floats
iC Cluster analysis
Tag mixing period
x3 3 quarters
x8 8 quarters
Longline selectivity
SS Stationary
NS Temporal variability estimated in 10 year blocks
ST Logistic selectivity trend estimated over time

2.4 Management Proceduresnd MP Tuning

While the emphasis of this report is the revision of yellowfin QiMsults from a small number of
candidate MPs are reported as definedliable3. See Kolody and Jumppanen (2016) for the full
specification of these MP3his project is aiming for theensu strictalefinition of Management
Procedures, in which the MP consists of:

i) pre-defined data collection

i) pre-defined analytical methods (including assessmaotel specificationand data processing)
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iii) simulationtested Harvest Control Rule specify the management action

Toward thisend, the projection component of the OM simulates data that are consistent with the
OM conditioning assumptions, and these data are interpreted by the MP to produce the Total
Allowable Catch (TAC), subject to "realistic" data and analytical errors.

These MPswere tuned according to the criteria defined Trable4. For expedienceall tuning for
this reportwas conducted with a minimal set of 216 realizations from-@MAs a brief test of the
precision associated with tuning bnly216-realizatiors, 3 tuned MPswere applied to afull set of
2160 realizations. he tuned Pr(green Kobe) = 0.75 was slightly lower tharréadized
probabilitesarising from thefull evaluation Pr ©.76-0.79. This level of tuning precision is
consideredadequate for the purposesf this report but the full set of 2160 will be used for the
TCMP.

Table3. Qualitative definitions of theMPs used in this report.

PT4010 A catchbased "40:1aype" HCReoupled with a surplus production model.
PT4010F An Fbased "40:1a&ype" HCR coupled with a surplus production model.
IC A CPUfbased HCR that "aims" for a desirable CPUE target by increasing

decreasing the TAC, depending whether CPUE is above or beltardbg
and whether it is trending up or down.

CCt Constant catch

Table4. MP Tuning objectiveapplied to yellowfinin this report.
T1 TCMP YFT objective . Pr(mean(SB(2019:2039))/SB(MSY) =1.0) = 0.5
T2 TCMP YFT objective : Pr(mean(SB(2024))/SB(MSY) = 1.0) = 0.5
T3 TCMP BET objective : Pr(Green Kobe 2019:2039) = 0.75

T4 This report Pr(mean(SB(2019:2039))/SB(MSY) =1.5) = 0.5
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2.5 Harvest Control Rules based on catch and fishing mortality

In WPM (2086), it was noted (but perhaps not documented) that one of the MPs tested for
yellowfin and bigeysvas unusual in that @ppliedthe "40:10type" Harvest Control Rule to
calculatecatch while it is more commonly used to calculdighing mortality. As shen inFigure

2, the difference in TAC recommendation may be quite different between the two versions.
However, the PH010type" MP classvas always intended to alloexplomation of alternative
parameter valuesWhen coupled wit a surplus production model, the cattlased MP can easily
represent something very similar to thebgsed 40:10 MP (i.e. the broken linedrigure2), by
setting control parameter P2 to a value of 1&@d increasing P3

While catch-based and #asedoptions areboth availablgor further exploration, wenote that
the specific form of the MP should be a secondary consideration fokfReelection process.
Selection should be focused on the management performance evaluatloohwmight be
counterintuitive and not consistent with how theHCR "ought" to perfornComparison of the
catchbased and ased PT4010 MPs (T4 tuninging parameter P3&valuated against Oivef
defined below, results innegligibleperformance differenes(Figure3).
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Figure2. Comparison of 40:18ype Harvest Control Rules and TAC recommendations using Gadskd and F
based functions (coupled with a surplus production model). The functional fornth&f TAC recommendation may
be very different for the classic functional form (e.g. HCR 1 vs: HCR 2), howehamges to thecontrol parameters
may allow very similar outcomes (e.g. HCR 1 vs HCR 3).
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Figure3. Compaison of CatcHbased (left panels) and-Based (right panels) PT4010 MPs, evaluated against-eii
with tuning objective ®, achieved by modifying HCR parameter 8m Figure2.

3 Oct 2017Yellowfin Reference Case Operating
Model (OM-ref)

The (Oct 2017M-ref incorporates the feedback from tri2016WPTT and WPM, and represents
the first OM definition that waslesigned with feedback froitine IOTC working parties. The key
differences from the 2016 demonstration case OM inclilide

i.  Anupdate in relation to the 2016 yellowfin assessment, whiabst notablyincluded
substantiallyrevised longline CPUE series (plus an additional year of, data)

ii.  Additional dimensionsglescribing uncertaintjn the OM ensemble grid

The OMref ensemble is devied from the assessmentodel that provided the core of the 2016
management advice, detailed in Langley (2015, 2016), and referred to hereles&AOM-SA
analogue is the single model specification from -@#lthat is most similar t&Abase,
implemented using the same data (with the addition of alternative CPUE scenarios), software
(Stock Synthesis 3.24z), and mostly the same assumptions. The other 215 modeissih OM
deviate fromOM-SAanalogueas shown inrablel. As in theoriginal yellowfin OMexploration
(Kolody and Jumppanen, 2018)e key difference betwee®M-ref and SAbaseisthe movement
parameterizatiordiscussed in the following section.

3.1 Is the environmentallinked migration irthe 2016 assessment
required forthe yellowfin OM?

SAref estimatesmovement parameters that are linked tuarterlyenvironmental indices.
Langley (2015) justiftethis decision primarily because it impraVthe fit to the CPUE series.
There is clearly seasonal variability in CPUEchwihe environmental indices can presumably help
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describe. Seasonality can be expected to influence the confounded processes of migration and
fishery catchability, andithin the constraints of th&tock Synthestemporal configuratiori.e.
calendar garters defined as model years), environmeitdinked movemenprovidesa means to
describetheseprocesses.

Environmental variabilityvasnot implementedin OMref because, i) it adds another layer of
complexity in terms of model structure, assuning that SS is designed to accept future
environmental cevariates,it could bea nontrivial exercise to forecast environmental variability in
the context of MSE projections, iif)is not cleawhether environmental indices amontributing

to explainirg interannnual variability, or simply seasonality, which is not necessarily important for
stock assessment purposes.

Figure4 shows that including environmentglinked movemen{(SAbase)introducesa small
seasonal signab some CPUE predicns but itisminorrelative to the uncertanty assumed in
the CPUE series. The fit without environmentdiliked movement (OMBAanalogue) is very
similar in terms of capturing the long term CPUE tremkdgureb).

Figure6 shows the similarity between the spawning biomass and fishing mortality time series from
SAbaseand OMSAanalogue Depletion trends in the two series are almost identical, while the
recentfishing mortality rates slightlyhigher in SAase On the basis of these comparisons, we
concludethat environmentallylinked migration is probably not agh priority for MP evaluation,

and consider removal to be justified for Oneif.
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Figure4. Comparison of the quality of fit between predicted (lines) and observed (points) CPUE for the 2016 YFT
assessment (ShAase) Top panels are the tropical regions, bottom panels are the temperate regions.
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3.2 CPUE series

Consideable collaborative work has been undertaken in recent years to improve the
understanding of the DWF longline CPUE series, and to provide better relative abundance indices
for the stock assessmengbsloyle et al. 2016)The 2016 yellowfin assessment used test
available studies, but adopted a single (set of aspacific) series as the best available. The WPM
encouragedAttachment 1the inclusion ofan alternative CPUEeriesin OMref, to encompass
some of the uncertainty arising from tistandardizaion process. In consultation with IOTC's
longlineCPUENalysis coordinatofSimon Hoyle, NIWA, New Zealand, pers. comnimg CPUE
series for the tropical regionsere selectedwith the primary difference being thapproach used

to account for targetingeither i)HooksBetweenHoats (as in SAase)or ii) cluster analyseen
species compositiofstd_xTW,Joint_regY_R2_dellog_boat_allyrs,

Joint_regY_R5 dellog_boat_allyrBhe temperate series were not changedm the SAbase
assumption because thepecies targeting effectsere judged to benore importantin the
temperate zonesuch that they reallpeed to be accounted for, and the clustering approhels
been judgedhe best option forachievinghis (in the western temperate zone, the eastern
temperate zone used HBF for both fleetBhevalueof the cluster analyss wasless clear in the
tropical waters, such that including both approachbswdd better represent the uncertainty.

OM-ref alsoincorporates catchability trendsf O or 1% per yegicompounded annuallyand
projected into the futureCPURon top of the CPUE standardization assumptjagasadmit the
potential for fishing efficiency improvements related to factors that are not documented in
logbooks. The 4 series are shown for theptoal regions irFigure7. The CPUE decline in the
eastern tropical region is not as strong in the eastern region with the clustering analysis.
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Figure7. CPUE series used in the OM grid to repeat uncertainty in relative abundancéropical regions) Legend
labels refer to the factors used to account for species targeting shift (HBF or Cluster analisé€ in the OM grid
combined with the assumed catchability trend (0 or 1% increase conmated annually g0, g1 in the OM griy

3.3 Yellowfin OMref model fitting summary diagnostics

OM-refis an ensemble of 216 modeéspalanced combination of assumptions which differ in 6
dimensiongTablel). Eachmodel represents different assessment model configuratiomith a

full complement of parameter estimates, model outputs, and potential numerical problems. It is
not possible to meaningfully examine all of the model diagnostics in the level of detail that is
typically attenpted in an assessmenitbwever, it is critical to at least ensure that tivividual
models in theensembleare not suffering from pathological convergence failureg@scribing
implausible dynamics. As in Kolody and Jumppanen (2016), we present Sevenahry
diagnostics, in a way that allows general trends and outlier behaviour to be rapidly idenfified.
quality of fit diagnostics reported here are selected to be independent of variance and weighting
assumptions (i.e. arbitrarily changing a variateren, assumed sample size ldeelihoodweighting
term can have a large effect dhe objective functiongven if themodel predictions are identical).

The OMref models tended to converge reliably, with marginal convergéneerelatively high
gradiens in the objective function with respect to one or more parametesslent in only 3
casesfigure8, Figure9). Since these 3 models did not demonstrate any obvious outlier behaviour
in terms of qualityof fit to the data or sbck status, there doesot seem to be a pressing need to
remove them from the ensemble.

All of the OMref models appeared to fit the CPUE series in all regions reasonablyasveiiexed
by the Root Mean Square Error (RMB&)veen predictions and observationkigure9, Figure

10.t SNFSOGfe O2yaradsSyd I INBSYSydiue=d.3)drhil®theNB & dzf
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observed range was 0.241 Note that direct comparisosmiofthe RMSE between models that fit
to different CPUE seri@s not very meaningfullhe differencen RMSHEbetween the best and
worst models was always <0.07. We did not evaluate the-aoteelation in the errors, which may
indicate a greater systematiack of fit in some models than othe&milarly, there is scope to
argue about the importance of seasonality in these variance assumptiémsever it appears

that concerns about the CPUE fit are lesportant than the recruitmenttrend issuesdiscissed
below.

Figurellillustrates that there is a large degree of variability in the quality of fit to the eateh
length (CL) data among fisheri@s summarized by the peft Effective Sample Sizesdices

that describe tle sample size that could be expected to yield the observed quality of dyetrer,
the degree of variability among modelsimsichsmalkr. Given the very low assumed CL samples
sizes (N=5 for all fisheries), all of these models appear to be consistarthe intent of the
assessment, i.e. choose artificially smalsample size that ignlikely toresult in an influential
conflict with the CPUBB( tag) data.

Figurel2illustrates the fit to the tagging dat@eported as thdag likelihood before the

FLILX AOFdGA2Yy 2F (F3 gSAIKGAYT <00 la ¢g2dzZ R 0S5
the tagging datdall other things being equalyhese results are also partitioned by the tag mixing
period (models with diferent mixing periods are not comparable because they fit to different

data) When tag fits are compared across models within a single tag mixing period, it is evident

that the tagging data strongly favour the lowest M assumpti®his situation was noteith the

assessment as well. Since the M06 option is thought to be too low for yellowfin, it may reflect a
problem with tag mixing assumptions (BAseadoptsthe M10 option).

Figurel3illustratesthat the relativeOM-ref stock $atus inferencesre qualitatively predictable

from many of theinput options (i.e. higher steepness, higher M, no catchability trend, Cluster

CPUE analysis are all associated with more optimistic status). Less predictably, lower tag weighting
(and longeitag mixing period) are associated with more optimistic stock status. We hage no

priori expectation that the tags woulbdave a pessimistic influence, so teigggestsa conflict

between the CPUE seriedyp the size composition data presumably to asérsexten} and the

tags.

Figurel3also shows that the median of the current biomass reference points are similar to SA
base. However there is considerable uncertainty represented, and several models are much more
optimistic thanSAbase. The contrast is particuladyident with the MSY estimate83% of the

OM-ref models exceed Shase; 21% of OMef results are more than double $@ase; 5 models
estimate MSY >4X hase.Figureld shows the distributn of biomass and fishing mortality time
series for OMref, relative to SAase.

The models with very highlSY are affected by a common issue in stock assesstoantcan

often explain a é@cliningabundance trend throughshery depletion or declining reaitment, and
the two mechanismsnay be combine@long a continuunfe.g. as also observed in the IOTC
albacore MSBM). If the recruitment trend is the result of a systematic trend in deviations from
the stockrecruit relationship, this is indicative ofséructural inconsistency in the model.
Conversely, given thaecruitmenttrends can arise as a modelling artefatts a cautionary note
that a stockrecruit relationship might be used to explain the recruitment trend (i.e. such that
there are no systetic deviations from the SR relationship), but might still be wrong (though
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internally consistent)The more optimistic modelgenerallyshow agreaterdeclining trend in
recruitmentdeviationsthan the optimistic modelsHigurel5, Figurel6). The highest productivity
modelsare responsible for the very low fishing mortality scenaiigurel4), in which the fishery
would have a trivial influence on stock dynamics

The extremdy high MSY scenarios do not show a lack of fit toGR&JE osize compositiomata
that would identify them as obviolisincompatible with these datd-{gurel?, Figurel8).
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Figure8. Yellowfin reference set OM (OMef), model convergence summary, indicating marginal performarioe 3

of 216 models All models are represented within each uncertainty dimension (indicated by colours), partitioned by
assumptions levels (éxis labels), marginalized over the other assumption level. e.g. Together, the 3 grey boxes
summarize alR16 models, with each boxplot representing th& model subsetcorresponding to theindicated
steepness (hassumption; the red boxes summarize the sar@16 models, marginalized over thg natural mortality
assumptions
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Figurel2. OM-ref tag recapture likelihoodsi(e. excluding thdambda weighting factotthat is appliedin the
objective functior). The top panel represents all 216 models partitioned by all assumptions levels. The second
panel represents the 108 models with the short tag mixing period (g8)y, the third panel represents the long tag
mixing period (x8)nly. The fourth panefepresents the 36 models with the short mixing period (x3) and full tag
weighting (t10).
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according to assumptions. Horizontal line is the value from-iSa#se.
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Figureld. Time series plots comparing the OMf ensemble (black 0, 25, 50, 75, 100th percentiles) with $ase
(green line)

Figurel5. Relationship between the recruitment deviation time series trend and MSY for-€¥imodels.
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